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ABSTRACT

Objective: The objective of our study was to evaluate the
effect that knee flexion angle while femoral tunnels are being
drilled may have on the length of these tunnels, in anatomi-
cal reconstruction of the anterior cruciate ligament. Methods:
We measured the lengths of anteromedial and posterolateral
tunnels for the anterior cruciate ligament in 20 unpaired anato-
mical knee specimens (10 right and 10 left knees), all with the
cartilage and cruciate ligaments intact. Tunnels were drilled
with the knees flexed at 90°, 110° and 130°, through the acces-
sory anteromedial portal, with a 2.5 mm drill. The statistical
analysis was done by means of Friedman’s variance analysis
and the Mann-Whitney U test. Results: The mean anterome-
dial femoral tunnel lengths measured with the knees flexed

at 90°, 110° and 130° were 33.7 (+ 3.72) mm, 37.4 (+ 2.93)
mm and 38.8 (= 3.31) mm, respectively. For the posterolateral
femoral tunnel lengths, the results were 32.1 (+ 4.24) mm, 37.3
(x 4.85) mm and 38.4 (£ 2.51) mm, respectively. Friedman’s
variance analysis showed that there was a significant difference
between the lengths of the tunnels drilled with 90° and 110°
of flexion angle, but showed that there was no significant di-
fference between the tunnels drilled with flexion of 110° and
130° (P < 0.05). Conclusions: It is possible to drill the femoral
tunnels through the accessory anteromedial tunnel with the
knee flexed at 110° in such a way as to produce a tunnel of
sufficient length for a good bone-graft interface.

Keywords — Anterior Cruciate Ligament; Knee; Femur; Ti-
bia; Reconstructive Surgical Procedures

INTRODUCTION

Today, there is a trend towards changes in the
technique of surgical reconstruction of the anterior
cruciate ligament (ACL). Until recently, it was recom-
mended that in the arthroscopic reconstruction of this
ligament, the femoral tunnel should be constructed
through the tibial tunnel, which predisposes towards
a higher location in the intercondyle for the femoral
tunnel, in a non-anatomical position”.

The new tendency is to seek to reconstruct this li-
gament anatomically, defining this as a reconstruction
that provides restoration of the ACL to its original

dimensions, collagen orientation and insertion sites, in
an attempt to replicate its anatomy. This might result
in superior clinical results®®.

The ideal way to reach the anteromedial (AM) and
posterolateral (PL) femoral insertion sites of the ACL
is through an accessory anteromedial (AAM) portal®,
However, this route may produce femoral tunnels that
are shorter than the transtibial route®, which may
compromise the quality of the bone-graft interface®.

The positioning of the tunnels for placement of the
graft is the most critical factor influencing the results
from ACL reconstruction®?. It is potentially influenced

1 — PhD in Orthopedics and Traumatology from the USP School of Medicine; Voluntary Attending Physician in the Orthopedics and Traumatology Service, Sorocaba School
of Medical and Health Sciences, Pontificate Catholic University of Sdo Paulo, Sorocaba, SP, Brazil.
2 — Former Resident in the Orthopedics and Traumatology Service, Sorocaba School of Medical and Health Sciences, Pontificate Catholic University of Sao Paulo, Sorocaba,

SP, Brazil.

3 — Full Professor and Head of the Orthopedics and Traumatology Service, Sorocaba School of Medical and Health Sciences, Pontificate Catholic University of Sdo Paulo,

Sorocaba, SP, Brazil.

Work performed at Sorocaba School of Medical and Health Sciences, Pontificate Catholic University of Sao Paulo, Sorocaba, SP, Brazil.

Correspondence: Julio Cesar Gali, Av. Eugénio Salerno 387, 18035-430 Sorocaba, SP. E-mail: juliogali@globo.com

Work received for publication: March 17, 2011; accepted for publication: August 4, 2011.

The authors declare that there was no conflict of interest in conducting this work

This article is available online in Portuguese and English at the websites: www.rbo.org.br and www.scielo.br/rbort

Rev Bras Ortop. 2012;47(2):246-50



LENGTH OF FEMORAL TUNNELS CHANGES WITH KNEE FLEXION IN ANATOMICAL ANTERIOR

CRUCIATE LIGAMENT RECONSTRUCTION

by, among other things, the angle of knee flexion at the
time of drilling the tunnels, the locations of the portals
and the anatomical variations between individuals®.
Our hypothesis here was that the greater the knee
flexion was while drilling the femoral tunnels, the
longer these tunnels would be. Thus, the objective of
our study was to evaluate the effect that knee flexion
might have on the length of the femoral tunnels.

MATERIALS AND METHODS

We measured and compared the lengths of anterome-
dial and posterolateral femoral tunnels constructed in 20
anatomical knee specimens. There were 10 right and 10
left knees, which were not in pairs and were of unknown
sex and age. All the specimens presented intact joint
cartilage and anterior and posterior cruciate ligaments.

The specimens had been fixed in 10% formol when
fresh, and had been conserved in a mixture of 2.5%
phenol, 2.5% formol and 1% sodium chloride. They
were subsequently kept in liquid glycerin for 60 days,
before dissection.

Using an open route, we removed the original AM
and PL insertions of the ACL and marked out their
centers using a bone pick.

The tunnels were drilled at the sites of these
markers, using 2.5 mm bits, through the AAM portal.
The anatomical specimens were flexed to construct
the tunnels at 90°, 110° and 130°. The degree of
flexion was determined using a goniometer that
was aligned with the femoral and tibial diaphyses.
The drilling was always done by two people: one
maintaining the desired flexion, while the other did
the drilling at the AM and PL femoral anatomical
sites of the ACL (Figure 1).

We sought to keep the drill bit not more than 4
mm from the cartilage of the medial femoral condyle
(MFC), always through the same entry point, in order
to simulate intraoperative situations of arthroscopic
reconstructions.

We did not use guides for the drilling. After remo-
ving the ACL, we marked out the femoral insertion
points of the AM and PL bands and directed the bit
laterally and slightly obliquely, towards the lateral
femoral cortical bone (Figures 2 and 3). After com-
pleting this, we measured the tunnel lengths in milli-
meters, using a depth measuring device.

The statistical analysis was done using Friedman’s
analysis of variance and the Mann-Whitney test.
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Figure 1 — Frontal view of an anatomical left-knee specimen with a drill
bit inserted through the accessory anteromedial portal. The goniometer
indicates the degree of knee flexion.

Figure 2 — Anatomical left-knee specimen with a drill bit inserted poste-
rolaterally into the lateral femoral condyle.

RESULTS

The mean length of the AM femoral tunnels at 90°,
110° and 130° of flexion were, respectively, 33.7 +
3.7 mm, 37.4 £ 2.9 mm and 38.8 £ 3.3 mm. For the
PL femoral tunnels, the lengths were 32.1 £ 4.2 mm,
37.3 £4.8 mm and 38.4 + 2.5 mm (Table 1).

In no case was there any violation of the posterior
cortical bone of the AM femoral tunnel. Nor was there
any damage to the lateral collateral ligament or to the
popliteal tendon.
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Figure 3 — Anatomical left-knee specimen with a drill bit inserted ante-

romedially into the lateral femoral condyle.

Table 1 — Lengths of the AM and PL femoral tunnels, in mm, at 90, 110
and 130 degrees of flexion.

90° 110° 130°
Knees
AM PL AM PL AM PL
1 30 31 39 36 42 39
2 39 34 40 40 40 43
3 33 32 36 36 37 37
4 35 29 38 35 38 37
5 34 30 36 33 37 34
6 32 33 36 37 37 39
7 32 30 34 36 36 37
8 40 42 42 45 48 42
9 31 30 36 37 36 38
10 31 30 37 38 37 38
11 38 30 40 34 42 40
12 41 40 42 42 43 42
13 30 32 34 33 39 36
14 35 40 36 41 38 38
15 32 30 35 32 36 34
16 28 24 34 26 34 34
17 30 32 37 38 38 39
18 33 36 34 39 34 39
19 38 32 39 38 40 38
20 36 32 38 37 39 38
Mean 33.9 32.45 37.15 36.65 38.55 38.1
SD 3.72 4.24 2.53 4.05 3.31 2.51

Abbreviations: AM = anteromedial; PL = posterolateral; SD = standard deviation.

Friedman’s analysis of variance showed that
the group with tunnels made at 90° of flexion had
significantly shorter tunnels than seen in the other
groups, but it did not show any statistical difference
between the groups measured with flexion of 110°
and 130° (p < 0.05) (Table 2).
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The Mann-Whitney test showed that the specimens
came from different populations, i.e. the right and left
knees could be summed to form a single heterogenous
group (p < 0.05) (Table 3).

Table 2 — Length of the femoral tunnels, in mm, drilled at 90, 110 and
130 degrees of flexion.

Friedman’s analysis of variance
(90°x 110° x 130°)

AM PL
x2r= 34.9 x?r = 28.42
(P < 0.0001) (P < 0.0001)
110° e 130° > 90° 110° e 130° > 90°

Abbreviations: AM = anteromedial; PL = posterolateral.

Table 3 — Mean lengths of the right and left tunnels.
Mann-Whitney test (right vs. left)

AM 90° 110° 130°
Z=0.15 Z=0.52 Z=0.22
PL Z=0.68 Z=0.11 Z=0.18

Abbreviations: AM = anteromedial; PL = posterolateral.

DISCUSSION

The clinical results from surgical reconstruction of
the ACL are influenced by a variety of factors. Among
these is whether the tunnel location is perfect® and
the quantity of graft inside the tunnels®, which is
ultimately determined by the length of the tunnel.

The final decision with regard to choosing the site
for creating the tunnels depends on the surgeon’s ana-
tomical knowledge and arthroscopic view. The latter
may be distorted by the positioning of the knee: thus,
90° of flexion seems to be the angle that provides the
best results regarding prevention of improper place-
ment of the graft®.

In our study, the femoral tunnels were drilled
through the AAM portal, given that the technique of
constructing the femoral tunnel independently of the
tibial tunnel makes it possible to construct femoral
tunnels that are anatomically more correct® and which
function better'”, in comparison with the technique of
constructing femoral tunnels using the transtibial route.

However, the degree of knee flexion at the time of
drilling may influence the tunnel length!". Technical
reports have suggested that the drilling should be done
at between 110° and full flexion!>!9,

Cha et al'® and Basdekis et al'® both recommended
that the knee should be flexed at 110° while the
femoral drilling was performed. According to Zantop
et al'", drilling at 110° provided a safer distance
from the subchondral bone and its cartilage. Bedi and
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Altchek! advised flexion at 115° before drilling, in
order to increase the length of the tunnel upwards.
According to Giron et al'®, the femoral tunnel should
be drilled through the AM portal at full flexion. Studies
on cadavers, like ours, may more closely reflect the
individual variation of knees"”. We sought to reproduce
the surgical conditions for ACL reconstruction as
closely as possible: we used the AAM portal to create
the tunnels and we were able to directly view the AM
and PL anatomical insertion sites of the ACL, in the
lateral femoral condyle. Moreover, we took care not
to injure the cartilage of the medial femoral condyle
or the medial meniscus during the drilling.

We preferred to use 2.5 mm bits for creating the
femoral tunnels, because provided that their origin in
the lateral face of lateral femoral condyle was always
the same, smooth wires might have create false paths.

As we increased the flexion of the anatomical
specimens while drilling the tunnels, they began to
be made more anteriorly, thus becoming more vertical
in the frontal plane and longer (Figure 4). In a general
manner, the length of femoral tunnels that are more
lateral when drilled through the AM portal is shorter
than in tunnels that are more anterior and medial,
created via the transtibial route!!”.

In three published papers, greater knee flexion at
the time of drilling produced longer femoral tunnels.
Neven et al'” used cadavers and found measurements
of between 32 and 44 mm (mean of 36.92 mm) for
the PL tunnel, which drilled through a low AM portal
at 120° of flexion, measured from inside to outside.

Figure 4 — Lateral view of an anatomical left-knee specimen. The ma-
rkers 1, 2 and 3 indicate the exit points in the lateral femoral condyle of
the posterolateral tunnels drilled at 90, 110 and 130 degrees of flexion,
respectively. The markers 4, 5 and 6 indicate the exit points in the lateral
femoral condyle of the anteromedial tunnels drilled at 90, 110 and 130
degrees of flexion, respectively. Increasing degree of flexion produced
tunnels that were more vertical and anterior.
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Basdekis et al'® evaluated the measurements of AM
femoral tunnels drilled through an AM portal, in eight
recent cadavers. The intraosseous measurements
for the AM femoral tunnels, in mm, with the knees
flexed at 90°, 110°, 130° and maximum flexion were,
respectively, 27.1 £9.0,38.9+ 9.0, 38.8 £ 9.0 and 39.2
+ 4.1. However, both of these arthroscopic studies
were done using the AL portal for viewing and the
AM portal for drilling the tunnels, instead of placing
the arthroscope in the AM portal, which would allow
better viewing of the lateral intercondyle!®).

In another study!”, this time with nine recent
cadavers, Basdekis et al measured the length of PL
femoral tunnels drilled through the AM portal, with
the anatomical specimens flexed at 90°, 110° and
130°, and found the following values in mm, respec-
tively: 33.2 + 2.6, 35.4 = 4.0 and 35.9 + 3.4. They
reported that the length did not vary significantly and
that with 90° of flexion, there was a risk of violating
the posterior wall.

In our study, the drilling of the tunnels was done
with direct viewing of the AM and PL femoral inser-
tions of the ACL. Moreover, we used 20 knees that
were not paired, i.e. a heterogenous group, which
made our sample bigger than the three previous pa-
pers mentioned above.

On the other hand, in a study on nine pairs of knees
from human cadavers in which the femoral tunnels
were made by means of the AM route and were
centered in the femoral insertions of the ACL, Bedi
et al®® found the following measurements for the
tunnels at 100°, 110° and 120° of flexion, respectively:
30.9 £ 2.6 mm, 25.7 £ 5.4 mm and 21.3 £ 4.8 mm.
The increase in flexion resulted in an increased risk
of violating the posterior wall of the tunnel, and this
occurred in 19.4% of the tunnels when they were
made using the AM route.

Furthermore, they found a paradoxical reduction
in tunnel length, which they believed could be ex-
plained by the use of a transtibial guide referenced
to the posterior wall of the lateral femoral condyle.
Theoretically, the greater the amount of graft material
inside the bone tunnel was, the greater the amount of
filling with collagen tissue would be, and the greater
the chance of incorporation between the graft and the
tunnel would be. Since lack of graft-bone integration
could be a cause of failure of surgical reconstruc-
tion of the ACL®Y, the minimum quantity of graft
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material from soft tissues inside the bone tunnels for
graft-bone union to occur without compromising the
surgical results needs to be determined.

In an intra-articular model using sheep, Zantop et
al® performed reconstructions using grafts from the
calcaneal tendon. They suggested that there was no
negative correlation between grafts of length 15 mm
in femoral tunnels and the resultant kinematic and
structural properties. However, the minimum length
of the graft inside the bone tunnels in humans has yet
to be established.

Two points that could be considered to be weakness
in our study can be indicated. The first is that in using
anatomical specimens, the direction of the drilling of
the tunnels could change and thus alter their lengths.
To be able to avoid such occurrences, we entered the
joint using the bit through the previously determined
AAM portal and sought to keep it no more than 4 mm
from the medial femoral condyle, in an attempt to
simulate the surgical conditions. The second point is
that we drilled three holes for each insertion of bands
from the ACL, and this the drill could have taken a
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preestablished direction. To minimize this possibility,
we did not use smooth wires to drill the tunnels, but
preferred to use bits of 2.5 mm in diameter, in order to
avoid creating false paths. The results from our study
caused us to include some adjustments to our surgical
practice: we promote slight hip flexion on the surgical
table, so that the knee is flexed at 90°; we do not use a
leg holder, in order to allow greater joint flexion; and
we mark out the femoral insertion sites of the ACL
with the knee flexed at 90°, to enable better viewing;
and we drill with flexion of 110°.

CONCLUSION

It is possible to drill the AM and PL femoral tun-
nels with the knee flexed at 110°, in such a way
that the minimum length is sufficient for bone-graft
integration.
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